Abstract: Taraxacum Kok-saghyz (L.E. Rodin) (TKS) is a natural source of rubber. There is a rising interest in TKS establishment as a new crop in Ontario. Trials were conducted at Simcoe and Guelph, Ontario between 2013 and 2014 to explore the possibility of establishing TKS plants from seed in fields in Ontario. The effects of seeding depth, watering regimes, polymer, and covering mulch on the recruitment of TKS were explored. It was found that TKS displays very low field recruitment levels regardless of treatment. KNO 3 did not have any significant effect on TKS seed germination. Seedling emergence was greatest when seeds were placed on the soil surface and decreased with increasing seeding depth. Two years of field experiments highlighted that TKS seedlings recruit better in moderate conditions when the temperature is optimum for TKS germination (warm but not hot, <25°C). TKS seedlings recruited better at Simcoe (with a sandy soil type) than at Guelph (with a loamy soil type). Overall, however, field recruitment from seed was low (15% at best) and these results suggest that establishing TKS from seed in Ontario fields remains a challenge.
Introduction
Taraxacum Kok-saghyz (L.E. Rodin) (TKS) is commonly referred to as Russian dandelion. It is a simple perennial (spreading by seed alone) and originates from the mountains of Tian-Shan in Kazakhstan (Volis et al. 2009 ). It has rubber content in its roots and is considered a promising source of natural rubber (Van Beilen and Poirier 2007) . More recently there has been renewed interest in TKS as a natural rubber source because of fears over limits to petroleum sources, threats to other natural rubber sources, and the high quality of TKS rubber (Roseberg and Bentley 2008) . There is an interest in the possibility of TKS as a new crop for Ontario farmers (J. Todd, Ontario Ministry of Agriculture, Food and Rural Affairs, personal communication). However, the challenge for commercial scale production of TKS is establishment from seed in the field due to small seed size and seed sensitivity to changing soil moisture conditions. No research has been done to-date to explore the possibility of growing TKS in Ontario, and specifically, there has been no research on establishing TKS in the field from seed. Roseberg and Bentley (2008) reported that some agronomy studies have been run and are still running at Oregon State University, Ohio State University, the University of Akron, and by the United States Department of Agriculture (USDA) but these have not included an exploration of establishment from seed in the field.
The main objective of this study was to explore ways to achieve greater success rates for the establishment of TKS from seed in the field including watering regimes, seeding depth, and the use of mulches. In addition, we investigated the extent to which TKS seed can persist over winter in the soil under Ontario conditions to help determine whether it will pose any weed threat if it is grown commercially in Ontario.
Materials and Methods

Study area and source of seed
Experiments were conducted at two sites in Ontario: the Simcoe Horticultural Experimental Station (SHES) located in Simcoe (42°51′N, 80°16′W) and the Guelph Center for Urban Organic Farming (GCUOF) in Guelph (43°32′N, 80°13′W) in 2013 and 2014. The Simcoe site was situated on a Berrien sandy-loam soil containing 55% sand, 30% silt, and 15% clay, 1.93% organic matter, with a pH of 6.8. The Guelph site was situated on loamy soil type with high levels of clay and a pH of 7.4. We sourced TKS seeds from collections from Oregon State University and USDA trials in Oregon (R. Roseberg, Oregon State University). In the winter of 2013 (January through April), these seeds were germinated and grown in trays in a greenhouse at the SHES. At the flowering stage, bumble bees were added to the greenhouse to facilitate pollination and increase seed yield. Seeds were collected, cleaned by hand, and stored dry at 5°C until used. In this study, we refer to recruitment which means successful recruitment of seedlings (successful germination and emergence).
Germination experiment
Seed was rinsed with 5% NaCl for 5 min and rinsed with deionized water 3 times for surface sterilization (ISTA 1985) . Complete seeds (full, intact hull) were selected and counted into samples of 50 and placed on two sheets of filter paper in 7 cm Petri dishes (Whatman No. 40) . The experiment was arranged as a completely randomized design with two treatments (3 mL 0.2% KNO 3 or 3 mL deionized H 2 O) and five replications (as Turner and Van Acker 2014) . The KNO 3 treatment was included because it had been previously shown to positively impact the germination rate of TKS (Levitt and Hamm 1943 
Recruitment depth experiment
A seed burial trial was run to determine the best depth for TKS recruitment. The experiment was conducted in a growth room with a 16 h photoperiod and irradiance of 100 μmol m −2 s −1 . Seeds were placed in packets, with 80 TKS seeds per packet. Seeds packets were made using small mesh plastic screen material. A PROMIX BX (No. 1 avenue premier -Riviere-du-Loup, Quebec, Canada) potting mixture was used as the growth medium (soil). Packets were placed on the soil surface or at depths of 2 or 5 cm in 15 cm-diam plastic pots. Pots were watered either with distilled water or 0.2% KNO 3 regularly so that the soil surface was moist for the duration of the experiment. The experiment had 6 treatments (3 depths × 2 watering solutions) with three replicates and was run twice. Pots were arranged in a completely randomized design. Pots were checked every day for emerged TKS seedlings. Seedlings were considered emerged when a cotyledon could be seen. Emerged seedlings were counted and removed. Each run of the experiment lasted for one month. After one month, packets were exhumed and opened. Any remaining seeds were gently prodded using fine forceps and any seeds that seemed firm were considered as potentially viable (ISTA 1985) .
Field recruitment experiment
The recruitment success of TKS seeds was explored at two field sites in southern Ontario (described above) in 2013 and 2014. The experiment in 2013 was laid out in a split-plot design with three replications. Three watering levels (no additional watering, watering every two days, and watering every three days) were kept as the main treatments. In all cases, watering was done with one pass using a watering can and each watering constitute a complete wetting of seeded rows. The presence or absence of oat straw mulch was considered as sub-treatments and the presence or absence of starch water holding polymer powder in-furrow as sub-sub-treatments. The starch polymer was a commercially available horticultural product (Absorbent Technologies Inc., 8705 SW Nimbus Ave, Beaverton, USA). In order to study the effects of season on TKS recruitment success, each of the experiments at each site was run in the spring, summer, and fall of each year. Each plot consisted of 50 cm row with 100 TKS seeds per row. In 2013, all seeds were planted at a depth of 2 cm. The oat straw mulch was placed over a row at the depth of approximately 5 cm. Straw was kept in place by overlapping wooden stakes. Starch polymer was spread evenly by hand along the planting furrow to a depth of approximately 5 mm and TKS seeds were placed into the powder before being covered by soil. Experiments were run for one month with seedling emergence counted twice per week. Emerged TKS seedlings were removed once counted.
To determine the possible fate of un-germinated seeds, 50 TKS seeds were placed in mesh packets (as described previously). 24 packets were made per experiment and placed at a 2 cm depth for one month. The packets were removed at the end of each experiment: the seeds within were examined and tested using a pressure test to see if they were potentially viable or not (ISTA 1985) . Those seeds that seemed viable were then placed into Petri dishes and tested for their germinability as per the germination testing methods described above.
In 2014, the experiment was run again at the same two sites with the same design but some modifications were made to the treatments because of poor recruitment results in 2013. Two planting depths (0 and 2 cm) were included as the main treatments. Two watering levels (no additional watering and watering every two days) were considered as sub and three mulch effects [presence or absence of oat straw mulch (SM) and using a horticulture white cloth as a mulch (HM)] as subsub-treatments. For the HM (FIBERWEB France, Zone Industrielle Est F68600 BIESHEIM France), the cloth was cut into 50 cm × 10 cm strips (to cover a given plot completely) and four steel nails were used at the corners of the cloth to fix it on the plot. Plot size and seeding arrangement was the same as in 2013 and the use of seed packets was the same as described for 2013.
TKS seed persistence
50 TKS seeds were put into each packet. At both sites, 18 packets were buried just below the soil surface in 2013 and 2014. This was done three times per year at both the Guelph and Simcoe sites. For the spring and summer experiment, the packets were removed from the soil after one month. TKS seeds were tested for viability using a pressure test (ISTA 1985) . Viable seeds were kept in freezer at −3°C for a week. Then, seeds were placed in Petri dishes and kept in a growth room (as described previously) for one month to test their germination. For the fall experiment, in the following spring (2014 or 2015) , the packets were removed from the soil and seed viability and germinability was tested as above.
Statistical analysis
All data was analyzed using SAS version 9.3 and PROC GLIMMIX. Germination tests and seedling recruitment in the growth room study based on planting depth and presence or absence of KNO 3 consisted of two experiments and considered the effect of repetition nested within experiment to be random, and the effect of KNO 3 and planting depth (in the recruitment experiment only) to be fixed. A binomial distribution and a logit link function were used for both experiments. For the seedling recruitment experiment, two analyses were conducted for seedling recruitment and suicidal germination. For the growth room study, error variances between the presence or absence of KNO 3 for seedling recruitment and between depths for suicidal germination were determined to be heterogeneous. The generalized chi-square value normalized by the number of degrees of freedom was used to confirm the benefit of using a heterogeneous error model. Due to 0% seedling recruitment at the 5 cm depth, this level was removed from that analysis in order for the analysis to converge. A t-test comparing experiment means to zero was used to differentiate the 5 cm depth means to the means at the other depths (see Table 2 ). For the field experiments, variation in the number of emerging TKS seedlings was treated as two separate experiments for the two separate years (2013 and 2014) because of the differences in treatments between the two years ( Table 1 ). The analysis considered the effect of block and block nested within site as random and the effects of site, season, watering regime, mulch addition, polymer coating (2013 only), and seeding depth (2014 only) as fixed. In 2013, a negative binomial probability distribution and log link function model specifications were used for analysis of seedling emergence and in 2014 a Poisson distribution of errors and a log link function were used. In 2013, residual variances were found to be heterogeneous between polymer coating treatments, and in 2014, between seasons. The generalized chi-square value normalized by the number of degrees of freedom was used to confirm the benefit of using the heterogeneous error models. Treatment effects were considered significant at P ≤ 0.05. Tukey's HSD test was performed for multiple comparisons to determine significant (P ≤ 0.05) differences. For the seed persistence experiment, the data were represented as the mean numbers of firm (potentially viable) seeds (and standard error).
Results and Discussion
Germination testing
There was no significant effect of a 0.2% KNO 3 treatment on the germination level of the seed (the data are not shown). The results of this study do not support the results provided by Levitt and Hamm (1943) who found that TKS seeds soaked in a 0.2% KNO 3 solution had significantly higher germination levels than those soaked in distilled water. However, Levitt and Hamm (1943) reported that their seeds were not completely mature when they were harvested. The TKS seed germinated quickly under ideal conditions in our study, where the majority of seeds germinated within four days. This suggests that the seeds were mature and of high quality.
Depth experiment
For the growth room experiment, there was a significant effect of planting depth on TKS seedling recruitment (Table 2 ). Recruitment was significantly higher when TKS seeds were planted at a depth of 2 cm compared with a 0 or 5 cm depth. As per the germination experiment, there was no significant effect of using KNO 3 on recruitment levels. The results of this experiment are supported by the results of Bond et al. (1999) and Levitt and Hamm (1943) , who also found that TKS seed recruited best from shallow depths. Because TKS seed is small it is not suited for deep planting (not enough energy reserves) or shallow seeding because the seed can quickly dry out or degrade at the surface, a common problem for small seeded species (Boyd and Van Acker 2004; Cici and Van Acker 2009) . These results also show that optimal TKS seeding depth is even shallower than the mean recruitment depth for many common weed species (DuCroix Sissons et al. 2000) . This seeding depth is also shallow compared with the common seeding depth for most fields crops and is more akin to the seeding depth one would want to achieve with small seeded forage species (Jong et al. 1979) . It should be noted with this indoor experiment we used a potting mix soil (PROMIX BX) which poses little resistance to emerging seedlings and has a very good water holding capacity, making it ideal for facilitating seedling recruitment. In this regard, the results of this experiment were a best case scenario and we expect that in the field, seeding depth would need to be shallower (than 2 cm), especially for soil types that may crust. However, very shallow seeding in the field poses additional practical challenges in terms of maintaining adequate moisture levels around the seed to support recruitment.
Suicidal germination occurred in the growth room experiment (Table 2) . Suicidal germination refers to seeds that germinate but the seedlings cannot make their way out of soil for a variety of reasons (Benvenuti et al. 2001) . At the 5 cm depth, depth alone may have been the cause for the suicidal germination. With regard to the packets, because the mesh was quite small (to avoid seeds from falling out of the packets) this may have created a physical emergence barrier in some cases. Suicidal germination is possible for species like TKS which have little or no dormancy. This result suggests that it is likely only simple seed germination conditions (moisture and temperature) that drive the germination of TKS and not additional requirements including light. Note: F values followed by *, **, and *** represent significant effects at P ≤ 0.05, P ≤ 0.01, and P ≤ 0.001, respectively. Note: Means followed by lowercased letters are significantly different based on P < 0.05; *5 cm depth was removed from analysis as all values were zero; a t-test was used to confirm that % recruitment at 0 cm and 2 cm depths was significantly different from 0.
Field recruitment
The results from the field experiments show very low levels of field recruitment of TKS from seed regardless of treatments (Tables 3, 4 , 5, and 6), where the highest recruitment level in any treatment, site, and year was 15% (Table 6 ). More typically recruitment levels were well below 10%. The effect of treatments and sites on recruitment was complicated and there were many significant treatment interactions in both years including a significant 5-way interaction in 2014 (Table 1) .
In 2013, there was no significant effect of site on TKS seedling recruitment level (Table 1) , but there was a significant site by season interaction. Recruitment was highest in 2013 at the Simcoe site (Table 4) . There are two possible explanations for this effect of site. The first is soil pH, where the pH of the soil at Simcoe was 6.8 compared with 7.4 at the GCUOF. Whaley (1944) noted that TKS seeds had higher germination rates in soils within the pH range of 5.5 to 8.5, but that germination was the highest when the pH was around 6.5. This would support the higher recruitment levels at Simcoe. A second explanation is soil resistance where coarser soil (the sandy soil at Simcoe) provided less resistance for emerging seedlings, and so there may have been a better Note: Means followed by lowercased letters are significantly different at P ≤ 0.05.
opportunity for seedlings to emerge successfully from the sandy soil in Simcoe than from the loamy soil at the GCUOF. In 2013, planting date (season) had a significant effect on recruitment levels (Table 1) . Recruitment levels were highest in spring (Table 3 ). The best recruitment in 2013 was for the spring experiment at the Simcoe site (Table 4) . These results support the point argued by Whaley (1944) that temperate climates in the US would be best suited for TKS cultivation, avoiding cold and hot regions. Luo and Cardina (2010) reported that TKS had germination levels of more than 80% in low (5°C-15°C) and mid (15°C-25°C) temperature ranges, but that germination fell at higher (25°C-35°C) temperature ranges. There was no significant effect of watering regime and no significant interactions with watering regime in terms of effect on TKS seedling recruitment in 2013 (Table 1 ). This may have been because 2013 was a relatively wet year (Moussavi 2015) and so the watering treatments were possibly redundant.
There was no significant effect of covering the plots with straw mulch on TKS seedling recruitment in the 2013 field study but there was a significant site × season × mulch interaction (Table 1) where the presence of mulch in the fall experiment at Simcoe lead to higher TKS seedling recruitment (Table 4) . The use of a polymer seed coating in our 2013 experiment significantly affected the recruitment of TKS seedlings (Table 1) where recruitment was higher when no polymer was used, especially at the Simcoe site (Table 3) . This was in contrast with the results of Turner et al. (2006) who found that seed coating significantly improved the recruitment of Gompholobium tomentosum Labill. In addition, Scott (1974) reported that coated grass seeds increased the recruitment level of small seeds that were planted on the soil surface. 2013 was a relatively wet year and the polymer (which holds water very well) may have had a negative effect on TKS seedlings recruitment because it held too much water and accelerated seed rot.
In 2013, there was not a significant effect of watering frequency on recruitment levels (Table 1) . We thought that keeping the experiment moist all the time (watering every two days) would have led to higher recruitment levels. However, 2013 was a relatively wet season. Perhaps in a drier season the differences in recruitment levels between watering treatments and controls would have been greater.
As in 2013, in 2014, there was no significant effect of site on TKS recruitment, but there was a significant interaction of site by season (Table 1 ). In the season when recruitment was the highest in 2014 (summer) TKS seedlings had higher recruitment levels at Simcoe (a sandy soil type) than at Guelph (a loamy soil type) (Tables 5  and 6 ). As in 2013, this may have been due to differences between sites in soil pH and soil texture. In 2014 there was a significant effect of season on TKS recruitment levels (Table 1) . TKS seedling recruitment was higher in the summer compared with either spring or fall (Tables 5 and 6 ). This result is different from 2013, when recruitment was highest in spring. Differences in the weather in 2013 versus 2014 explain this. At the Simcoe site, spring 2013 (May) was relatively warm and wet (compared with the long term averages) versus spring 2014, which was relatively cold and wet (Moussavi 2015) . Although temperatures were colder than the optimal temperature for TKS seedling recruitment in either scenario (Lou and Cardina 2010), spring 2013 was substantively warmer than spring 2014. Summer 2013 was relatively warm and dry compared with summer 2014, which was cooler but with good rainfall (Moussavi 2015) , and these conditions could have supported better recruitment in summer 2014 compared with summer 2013. In both seasons (2013 and 2014), the fall season was relatively cold and wet, which is not favorable for TKS recruitment.
There was a significant effect of planting depth on TKS recruitment levels in the 2014 field experiments (Tables 1, 5 , and 6). TKS seedling recruitment in the field was higher when seeds were on the surface (0 cm) versus 2 cm. This result is different from the results of our indoor seeding depth experiment where recruitment was highest from the 2 cm depth versus the 0 cm depth. This difference may be due to the wet conditions in the field in 2014 that would have favoured recruitment from seeds placed at the soil surface. However planting seeds at the surface of the soil may cause problems because seeds may be moved by wind or may be predated. In addition, in a dry year, the seeds on the surface would dry out very quickly. In the latter case, watering frequency (keeping the seeds moist all the time) or covering the seeded surface to maintain surface moisture (using horticultural cloth) may play an important role in TKS recruitment.
In 2014, there was no significant effect of watering regime on TKS recruitment levels but there was a significant interaction with mulch, site, season, and depth (Table 1) . There was also a significant effect of covering mulch (horticultural cloth or straw mulch) on the recruitment of TKS seedlings in 2014 (Table 1) . The positive effect of using a mulch is likely related to maintaining moisture levels at or near the soil surface to facilitate imbibition and germination (Boyd and Van Acker 2004) . This is supported, for example, by the fact that in the summer season at the Guelph site the use of horticultural cloth resulted in significantly higher levels of recruitment for the treatments that were not-watered (Table 5) . However, the significant multiple interactions amongst treatment effects in 2014 show that the effect was not consistent.
Seed persistence
TKS seed had low levels of persistence after 3-5 wk of burial in the soil irrespective of the season, site or year (Table 7) . The highest percentage persistence was approximately 16%. There was no persistence for seeds that were left over winter. These results suggest that TKS has very limited, or perhaps no ability to leave a persistent seedbank.
Conclusion
Based on our results, TKS seedlings are sensitive to both water and temperature stresses in terms of successful recruitment. There were some scenarios where the recruitment levels were higher and some other scenarios where recruitment levels were lower. In terms of seeding depth, for example, although we found that for the indoor experiment (where we used potting mix as the soil medium) 2 cm was the best planting depth for TKS seedlings, in the field experiments, surface seeding was generally better. However, even for the surface seeded treatments, the recruitment levels were still lower than what would be considered acceptable from an agronomic perspective. In addition, seeding on the surface also required us to take steps to keep the seeds moist at all times (e.g., watering and (or) use of a mulch). Planting timing is also important and our study showed that TKS seedlings recruit better in warmer conditions (either warm spring or warm, but not hot, summer) when the temperature is optimum for TKS germination. Overall we can say that TKS displays very low field recruitment levels regardless of treatment. The highest mean recruitment level in any year, with any treatment, at any site was 15%, which is not acceptable for commercial production unless there are large seed sources that could support over-seeding rates of 5 times or greater. Given the small seed size and the need for surface or near surface seeding, seed coating may improve the field recruitment of TKS from seed. We did not have sufficient seed sources to coat TKS seeds and so were not able to test this approach.
